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Plating experiments under high speed plating conditions 
(Jet Plating) 



The electrodeposition bath according to the claimed invention had been especially de- 
veloped for application under high speed plating conditions, so called Jet Plating. 

5 In Jet Plating, the electrolyte is shot by a jet in the form of a coherent stream onto the 
substrate which acts as the cathode (see Figure 1). The jet forms the anode. 



For the measurements reported below, we used a laboratory jet plating apparatus (Jet 
Lab). This jet plating arrangement is described in 

10 Raub C. J.: Jet Plating- Laboratory Simulation & Control; Trans. Inst. Metal Fin., 68 
(1990), S.llSflF 

Abstract: "Report on construction of a small pumped cell which simulates jet plating 
and of results obtained with the cell for various electrolytes. Limiting cur- 
rent densities are given and conditions for obtaining good deposits." 

15 Jet plating offers the advantage to work with high current densities up to more than 100 
A/dm^ and allows a better discrimination between the various plating baths. 

In the following experiments plating speed and current efficiency were determined ver- 
sus current density. The current density was increased from 10 A/dm^ in steps of 10 
A/dm^. The basic electrolyte (BE) used was a standard gold bath containing 12 g/l Au. 
20 The composition in detail is given below: 

12 g/1 of Au, as potassium gold(I)-cyanide 
0,5 g/1 of Co, as cobalt sulfate 
180 g/1 of citric acid 

pH adjusted to 4,2 with potassium hydroxide 




Figure 1 



The working range was determined by inspection of the deposits. When the deposit at 
one current density showed so-called burnt marks then the upper limit of the working 
range was set to be equal to the current density of the previous step. 

Results 

1. Investigation of 

• basic electrolyte (BE); 

• BE + octyl sulfate; 

• BE + pyridine-3- sulfonic acid 

• BE + both additives 

Figure 2 shows the series of test pieces resulting from the experiments. The upper 
row shows the test pieces for deposition from the basic electrolyte only. At 30 
A/dm^ a burnt ring can be observed vAnch is not allowed. Thus the upper working 
range was set to 20 A/dm^. 

The second row shows the situation for deposition from the basic electrolyte plus 
the addition of 2 g/1 of octyl sulfate. No increase of working range can be seen. 
Plating speed and current efficiency remain nearly the same. 

The third row shows the results for deposition from the basic electrolyte plus the 
addition of 4 g/1 pyridine-3-sulfonic acid. The striking point here is that the 
woridng range is increased to 70 A/dm^. But it should be noted that plating speed 
and current efficiency e.g. at 20 A/dm^ are reduced in comparison to the deposi- 
tion from the basic electrolyte alone. This confirms that Biberbach is in error. 

Plating speed can only be increased by increasing the current density. At a current 
density of 70 AJdxr? the plating speed has increased to 7.6 ^m/min but at the same 
time current efficiency has decreased to only 15,1 %. We get here only a net in- 
crease in plating speed because the higher current density overcompensates the 
adverse effect of the reduced current efficiency. 

The fourth row shows the results for deposition from the basic electrolyte plus the 
combination of both additives according to one embodiment of the invention. The 
working range is further increased to 100 A/dm^. At the same current density the 
current efficiency is higher than in the third row. This results in an increased 
plating speed. 



These findings were not expected because the addition of octyl sulfate alone to the 
basic electrolyte hardly changes anything. But in combination with pyridine-3- 
sulfonic acid a remarkable improvement is achieved. 

In Figure 3 the data given in Figure 2 are presented as a diagram of plating speed 
5 and current efficiency versus current density. From this presentation it can clearly 

be seen that the current efficiency drops with increasing current density. 

2. Investigation of 

• BE + pyridine-3*sulfonic acid 

• BE + pyridine-3- salfonic acid + 4 nicotinic acid 
10 • BE + 2 g/l octyl sulfate acid 2 g/l hexyi sulfonate 

These series of experiments were performed to investigate the results of combin- 
ing two gloss additives from the first group of compounds (pyridine-3-sulfonic 
acid and nicotinic acid) and the results of combining two gloss additives accord- 
ing to formula I (octyl sulfate and hexyl sulfonate). 

15 The results are given in the diagram of figure 4, For comparison also the curves 

for the basic electrolj^e plus pyridine-3-sulfofUC acid are given. It can be seen that 
the combination of pyridine-3-sulfonic acid with nicotinic acid lowers the current 
efficiency and hence the plating speed compared to pyridine-3-sulfonic acid 
alone. This is contrary to the combination of pyridine-3-sulfonic acid with octyl 

20 sulfate according to one embodiment of the invention. 

The combination of octyl sulfate with hexyl sulfonate, both of which belong to 
compounds according to formula I, doesn't neither improve the woricing range nor 
current efficiency or plating speed. 
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This shows that it is important to make the right selection when combining two 
gloss additives in order to increase working range and plating speed. 
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